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Leptons

Does particle behavior match

Standard Model predictions?
A Mass?
A Production rates?

A Decay rates?
A Interactions with other particles
or fields (e.g. magnetic moment)
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Experiment Background: Magnetic moment
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Experiment Background : Testing the anomalous
magnetic moment

a, =Pt - g SM =260+ 78) x 101 (3.35s)

amEXpt. — anSM + arnNeW PhySiCS

A E-821 at BNL

i Latest measurement of the anomalous magnetic moment of a muon had a 3.3(
discrepancy from SM

I Uncertainty mainly due to HVP and HLBL terms in QCD prediction

A E-989 at Fermilab
I More than 21 times the amount of statistics than predecessor E-821
1 U0a,® =.54 ppm to .14 ppm improvement
I Reduced pion contamination, segmented detectors and an improved storage
ring kicker
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Experiment Background: Muons in a storage ring

1. Start with polarized muon beam (from pion decay)

e
2. Cyclotron frequency: @, = — B
my
3. Spin precession frequency: @y = s B(+y ﬂﬁ)
my
7 N z N
t " 4 r
N 4 X 4
—> momentum — _
W, =Wgt W-=e/ma_B
—> spin a S C m
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Protons Pions Polarized Muons
from AGS p=3.1 GeV Inflector /—Imcctmn Point
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Jegerlehner & Nyffeler, Phys. Rept. 477 (2009) 1-110, arXiv:0902.3360v1
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http://arxiv.org/pdf/0902.3360v1.pdf

Experiment Background: Muons in a storage ring

Million Events per 149.2ns

N(t) = Noe H/'™ (14 Acos(w,t + @))

T is the muon lifetime, the magnitude of the
amplitude A is determined by the energy cut,
and the phase « depends
polarization of the muon ensemble.
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A Higher energy positrons

emitted preferentially in

direction of muon spin

A Spectrum

"/ distortions

M~
P

y

A Pileup, gain stability
A Beam effects, losses

o ]

60

80

100

Time modulo 100us [us]

Time spectrum of decay positrons above 1.8 GeV/c?. Modulation is at frequency ¥ , which is
proportional to a, (Courtesy of the E821 collaboration)
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Experiment Background:

Calorimeter
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Experiment Background:

Calorimeter

Segmented
compact PbF2
Cherenkov
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Laser Calibration System: Variable gain @

A Gain fluctuations

i Dangerous Ashort termo (withir
energy reconstruction and raise systematic error on ¥ _ to
Intolerable levels (>.01 ppm)

A Calibration approach
I Monitor gain (G_,) of all calorimeter elements by exciting and
monitoring the entire system periodically with a common_light
source (in principle, can ignore light source fluctuations)
I Statistical fluctuations in recorded data must be smaller than
variations in G_, (<.1% per hour)
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DAQ interface

Slow control:
L\ and laser and
environmental
probes

Laser
control

Primary distribution point:
low loss beam-expander +
mixer

Qutside the muon ring
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Secondary distribution
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About 1 mt long fiber bundle

Inside the muon ring
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